Abstract. We discuss the effects of very massive Population III stars on the chemical evolution of the Milky Way, elliptical galaxies and the intergalactic medium (IGM) at high reshift. It is shown that the effects produced by Pop III stars on the early evolution of the most common chemical abundances (C, N, O, α-elements, Fe) are negligible if these stars formed only for a very short period of time, corresponding to the suggested threshold metallicity (Z th r ∼ 10 −4 Z ). For a higher threshold metallicity and therefore a longer period of time, the predicted results are at variance with observations. It is also concluded that the IGM at high redshift (z = 5.0) cannot have been enriched only by very massive Pop III stars, but that the contribution of lower mass stars is necessary. The same conclusion holds for DLA systems at high redshift.
Introduction
Many theoretical and observational facts suggest the possible existence of massive and very massive Population III (zero metallicity, hereafter Pop III) stars. First of all the Jeans mass should have been larger in the early stages of galaxy evolution due to its dependence on the gas temperature. Metals, in fact, are the most effective coolant in gas clouds and they allow for the formation of small mass protostar. So, in absence of metals, the formation of very massive stars should be favoured. Hydrodynamical simulations of the collapse and fragmentation of the primordial gas clouds suggest that the very first stars should have masses larger than 100 M (Bromm & Larson 2004) . This high mass biased star formation must have lasted until a critical threshold metallicity was reached in the gas. The latest calculations constrain this value of Z thr in the range (10 −6 -10 −4 · Z ) (Schneider et al. 2002) . Observationally, a reason to invoke Pop III stars resides in the recent results by WMAP experiment which have provided constraints on the number of ionizing photons produced by very massive stars at redshifts z > 15 (Cen 2003) . Also the metals observed in the Lyman-α forest at z = 4-5 suggest an early field stellar population which has enriched the IGM (Schaye et al. 2003) . Finally the fact that no stars with zero metallicity has ever been observed can sustain the idea of a very massive early stellar generation. The most metal poor star known is HE-1327-2326 with [Fe/H] = −5.4 ±0.2 (Frebel et al. 2005 ). Therefore we would like to answer to the following questions: do we need an early generation of very massive Pop III stars to explain the abundance patterns in the most metal poor stars observed? Which are the effects on the predicted chemical abundances if we assume that for a short period of time only massive and very massive stars formed? To this purpose we have tested several sets of yields computed for Pop III stars by means of chemical evolution models following in detail the evolution of several chemical elements (C, N, O, α-elements, Fe) . In particular we tested the effects 136 Matteucci et al. of these yields on the evolution of the Galaxy and of a typical elliptical galaxy. The same yields have also been used to compute the chemical enrichment expected in the high redshift IGM by a generation of very massive stars. Very massive stars (M > 100M ) are interesting objects from the evolutionary point of view. They die as Pair-CreationSupernovae (PCSNe): pair-creation instability sets in during the H-and He-core burning phases inducing core collapse, explosive O-burning and SN explosion. They do not leave any remnant. Nucleosynthesis in PCSNe has been computed since the early eighties (e.g. Ober et al. 1983 ) and more recently by Heger & Woosley (2002) (HW02) and Umeda & Nomoto (2002) (UN02) . Chieffi & Limongi (2002) , and Chieffi & Limongi (2004) (CL) also provided yields for zero-metallicity stars but in the mass range 10-80 M . The nucleosynthesis occurring in PCSNe is different from that occurring in less massive stars and with metallicity different from zero. As an example, UN02 found that Pop III stars in the range 30-150 M and > 270M implode as black holes without contributing to any chemical enrichment while HW02 found that Pop III stars with M > 260M and between 40 and 140 M become black holes. Therefore, only the range of masses between 140-150M and 260-270 M can contribute to the early chemical enrichment. CL found non negligible production of C and N (primary) from Pop III stars with masses M 80M .
In the next sections we will describe the chemical evolution models adopted and the results obtained for the Milky Way, an elliptical galaxy and the IGM.
Chemical evolution models

Model for the Milky Way
We have computed the chemical evolution of the MW by means of the two-infall model of Chiappini et al. (1997) in the latest version of Chiappini et al. (2003) . This model assumes that the formation of the halo-thick disk and thin-disk were disentangled and occurred through two distinct gas accretion episodes on quite different timescales (much longer for the thin disk). This model reproduces the majority of the properties of the solar neighbourhood and the whole disk. In our basic model we assumed that at the beginning only massive (M > 10M ) and very massive (M > 100M ) Pop III stars formed until Z gas = Z thr = 10 −4 Z . We explored also other cases up to Z thr = 0.1Z . The adopted IMF has a slope x=1.7 in the mass range 10-270 M for Z Z thr and becomes a Scalo (1986) IMF in 0.1-100M for Z> Z thr .
The model for elliptical galaxies
For ellipticals we adopted the model of Pipino & Matteucci (2004) which assumes that ellipticals form by means of a short and intense burst of star formation, occurring at high redshift, followed by a galactic wind. The development of a galactic wind is due to the energy injection from SNe in the interstellar medium (ISM). For this model we adopted a Salpeter (1955) IMF (x=1.35), which better reproduces the properties of ellipticals, both for Pop III stars and normal stars in the mass range 0.1-100M . This model has been tested on real galaxies and reproduce the majority of their chemical and photometric properties.
Results
The Milky Way
In Figure 1 we show the results obtained by running models for the solar vicinity where PCSNe are forming up to a given Z thr = Z P opI I I . In the left panel of Figure 1 we report Woosley & Weaver (1995) for a solar chemical composition in the range of massive stars.The models labelled H refer to the yields of HW02, whereas those labelled U refer to the yields of UN02. The label P indicates the presence of PCSNe, while b indicates that we considered the black hole formation in the suggested mass ranges. The data for EMPS are from Cayrel et al. (2004) while the others are a compilation from different sources (see François et al. (2004) ). the results for the Z P opI I I = 10 −4 Z , whereas in the right panel of the same figure we show an unrealistic case in which the formation of PCSNe occurs until Z P opI I I = 0.1Z . As one can easily see, in the first case the effects of PCSNe, for all the studied yields, on the chemical abundances of extremely metal poor stars (EMPS) are hardly noticeable, whereas in the second case PCSNe produce, in the majority of the cases, results at variance with the observations. For the EMPS we have taken the very accurate data from Cayrel et al. (2004) . All models with PCSNe in Figure 1 produce a minimum halo metallicity of [Fe/H]=−4.0 dex, higher than the most metal poor star known (Frebel et al. 2005 ) and this fact, by itself, argues against the existence of such very massive stars. The same result is obtained if we assume Z P opI I I = 10 −6 Z and holds also for the other α-elements and carbon.
In Figure 2 we show the effects of only massive Pop III stars (no PCSNe) on the [C/Fe] vs. [Fe/H] relation with the yields of CL which produce big differences especially in the C and N production.
As one can see from Figure 2 , the yields of CL for Pop III stars up to 80M always produce a [C/Fe] ratio too high in the EMPS. For the other yields the conclusion is that it is difficult to choose among different models when Z P opI I I = 10 −4 Z , whereas they can be discarded if Z P opI I I = 0.1Z . It is worth noting that without PCSNe the minimum metallicity reached in the halo is [Fe/H]=−6.5 dex.
Finally in Figure 3 we show the [N/Fe] vs. [Fe/H] which shows how the EMPS have almost solar [N/Fe] ratios for the whole metallicity range, thus challenging the secondary nature of N in massive stars. In Figure 3 are reported the predictions of the standard model which largely underestimate the N abundance in EMPS. Only models assuming primary N being constantly produced by massive stars during the halo phase, such as the model proposed by Matteucci (1986) with "ad hoc" primary N and shown for comparison. In the figure we show also the predictions obtained with the yields for Pop III stars by CL. They seem to improve largely the agreement relative to the standard model but only in the very early phases. The conclusion is that we need a continuous source of primary N from massive stars (see Chiappini et al. (2005) , for a possible solution).
Ellipticals
Matteucci & Pipino (2005) computed several models for a typical elliptical galaxy with a luminous mass of 10 11 M . They included PCSNe with the yields of HW02 and UN02. They assumed different Z P opI I I values as for the Milky Way. Their main result is that the inclusion of even one or two generations of PCSNe alter the following chemical evolution of the ellipticals (they evolve on time scales much below 1Gyr), producing too red and too metallic objects besides inducing galactic winds at very early stages. On the other hand, the average predicted [< Mg/Fe > * ] of the dominant stellar population is acceptable (in the observed range of 0.2-0.3 dex, Thomas et al. (2002) , if the phase of PCSNe has a duration of a few million years. Therefore, the conclusion is that to model these galaxies we do not need PCSNe. In fact, these very massive stars, if existed, were likely to be pregalactic stars and had affected the chemical enrichment of the high redshift IGM.
Pop III stars and the early evolution of galaxies and IGM 139 3.3. PCSNe in the IGM Matteucci & Calura (2005) computed how many PCSNe are necessary to pollute the IGM up to a threshold metallicity Z thr = 10 −4 Z . To do that we adopted the yields of HW02 and UN02 and various IMFs (Salpeter and flatter ones). We used the analytical formulation of the Simple Model, under the assumption that the IGM is a closed-box system and that the instantaneous recycling approximation holds for PCSNe which have very short lifetimes. We found that a number between 110 and 115 PCSNe in 1Mpc 3 are necessary to pollute the IGM up to 10 −4 Z .We then checked if it is possible to explain only with PCSNe the C/Si ratio observed at z=5 in the IGM (0.57(C/Si) , Songaila 2001) and found that at maximum we could get (0.011 − 0.013)(C/Si) , a value far too low in comparison with the observed one. We concluded that massive Pop III and massive and intermediate Pop II stars are necessary to explain the observations. By using the yields of CL (no PCSNe) we could reach a higher C/Si ratio but still too low (∼ 0.2(C/Si) ). Finally, we compared the abundance ratios produced by PCSNe with the same abundance ratios in DLA systems at high redshift and concluded that the contribution of normal massive and intermediate mass stars is necessary to reproduce the abundances of C and N in those systems.
Conclusions
Our conclusions can be summarized as follows:
• PCSNe of Pop III produce negligible effects on the abundance ratios of very metal poor stars in the Galaxy (−4.0 [F e/H] −3.0) if they formed for a very short time (until Z thr = 10 −4 Z ).
• With PCSNe no stars with [Fe/H] < −4.0 dex are predicted to exist, with Pop III stars with masses up to 80M , stars with [Fe/H]=−6.5 dex are predicted to exist but not below this limit .
• Pop III stars do not help in solving the N problem. Primary production of N is necessary along all the halo phase to explain the data .
• PopIII stars in ellipticals produce in general too red and too metallic objects (Matteucci & Pipino (2005) . The abundances in the IGM at high reshift and in the DLA systems cannot be reproduced only with PCSNe (Matteucci & Calura (2005) .
